was to compare the embryonic mortality rates or risk of death between males and females during the incubation period.
In chickens and other birds, females have 2 different sex chromosomes (ZW), whereas males carry 2 homologous sex chromosomes (ZZ). this means only female chickens carry the W sex chromosome. Several conservative genes or unique sequences are present in chromosome W, such as chromo-helicase DNa-binding [4] and the unique sequence ee0.6 (0.6-kb EcoRI fragment) [5] , which allow researchers to identify the sex of early chick embryos. For instance, we successfully identified the sex of early-dead embryos by detecting specific DNa sequences in chromosome W [6, 7] .
In a previous study, we found that the number of dead female embryos was significantly greater than that of males in the early stage of incubation (1 to 7 d) [7] . therefore, in the present study, we compared the female-to-male sex ratios between live and dead embryos in 5 different strains during the early (1 to 7 d), middle (8 to 14 d), and late (15 to 21 d) periods of incubation to determine sex-biased embryonic mortality in chickens.
MATERIALS AND METHODS
Dead embryos (1,712) were collected from Wen's Poultry Group in Hanchuan, Hubei Province, China. this number included 233 ai-Jiao (AJ) embryos (from 7,200 fertile eggs with an average egg weight of 54.67 ± 4.07 g), 143 Xing-Xing (XX) embryos (from 4,650 fertile eggs with an average egg weight of 55.21 ± 3.48 g), 212 Hy-line (HL) embryos (from 1,626 fertile eggs with an average egg weight of 63.25 ± 4.42 g), 894 HuBei-local (HBL) embryos (from 29,753 fertile eggs with an average egg weight of 48.21 ± 3.88 g), and 230 Zhu-Si (ZS) embryos (from 6,900 fertile eggs with an average egg weight of 45.39 ± 5.22 g). In addition, the aJ, XX, and ZS were meat-producing strains, whereas the Hl and HBl were egg-producing strains. For each strain, the fertile eggs were incubated vertically in the same incubator [8] under the same conditions (37.9°C and RH of 55%). eggs were turned every 2 h from d 1 to 18 of incubation. Candling of incubated eggs was carried out to identify the dead embryos at d 7, 14, and 19 of incubation, and the dead embryos from d 20 to 21 were collected at hatch. the stage of death of each embryo was identified according to the signs of daily embryonic development described previously by Mauldin [9] .
Sex of the early dead (0 to 12 d) embryos was identified by the multiplex PCR method [6] . extraembryonic membranes, including blood vessels, were separated in PBS (10 mM Na 2 HPO 4 , 1.4 mM KH 2 PO 4 , 137 mM NaCl, 2.7 mM KCl, pH 7.4) and 10 mM eDta. the sample was cut into small pieces on ice and then suspended in PBS and centrifuged at 300 × g for 5 min at 20°C. the pellet was suspended in 1× Set [150 mM NaCl, 50 mM tris-HCl (pH 8.0), 1 mM eDta (pH 8.0)] and incubated overnight at 56°C in Set solution containing 0.5% SDS and 100 µg/ml of proteinase K. the DNa was separated by phenol-chloroform alcohol extraction and ethanol precipitation [10] , and then used as a template for PCR.
A pair of primers (5′-CAGTTATGGTCCTAT-GCCTAC-3′ and 5′-GTAATGGGTTCAGGTT-GAGTC-3′) were selected based on the EE0.6 sequence, which amplifies a 360-bp region specifically in female chickens. the sequence of the second pair of primers (5′-TGGTGAT-GAAGACTGTTCAGACGG-3′ and 5′-CACA-CACTGACCACTGTTACACAC-3′) was based on the cDNa sequence of the OVR (oocyte vitellogenesis receptor) gene. this primer set amplifies a 970-bp fragment in both males and females [6] . A 15-μL reaction mixture containing 1.5 mM MgCl 2 , 200 μM dNtP (including datP, dGTP, dCTP, and dTTP), 0.2 μM each primer described above, 1 unit of Taq DNa polymerase [11], 100 ng of genomic DNa and 1× PCR buffer was prepared according to the instruction manual for amplitaq DNa polymerase [11] . Polymerase chain reaction was carried out in a thermal cycler by denaturing for 10 min at 94°C; cycling (35×) for 30 s at 94°C, 45 s at 60°C, and 45 s at 72°C; extending at 72°C for 10 min; and holding at 15°C for 5 min. A 5-μL sample of the resulting reaction mixture was loaded on a 1.2% agarose gel, separated by electrophoresis, and stained with ethidium bromide.
Dead embryos older than 12 d were identified through gonad inspection based on their anatomical features, and those that could not be identified anatomically or whose sex could not be confirmed were sexed by PCR. In addition, the hatched (live) chicks were sexed at 1 d of age.
Data analysis was performed with Microsoft excel [12] and the Statistical Package for the Social Sciences [13] . logistic regressions were used to analyze the female-to-male sex ratios between live and dead embryos. Significance was established at P < 0.05, and a highly significant difference was established at P < 0.01.
RESULTS AND DISCUSSION
a total of 1,712 dead embryos during the early (1 to 7 d), middle (8 to 14 d), and late (15 to 21 d) stages of incubation were collected to identify the sex. this number included 930 females, 760 males, and another 22 from which we failed to extract DNa to identify their sex. In addition, a total of 48,417 hatched chicks (24,784 females and 23,633 males) were included in this study.
It has been reported that 2 death peaks exist during the incubation. One is in the early stage (especially from d 3 to 5), and the other is in the late stage (especially from d 17 to 19) [14, 15] . this was confirmed by our data. In all 5 strains, the death rates during both the early and late stages were much higher than that during the middle stage (Figure 1) . the high death rates in the early and late stages may have been caused by embryonic development. embryos grow quickly and their morphological changes are striking in early-stage development. they have different kinds of fetal membranes (amnion, chorion, vitellicle, and allantois) during this period; however, functions are still very limited [9] . thus, in this stage, embryos are very sensitive to environmental conditions. In the late stage, during the transition from vascular to lung respiration, chick embryos undergo dramatic physiological changes, with sharp increases in oxygen demand and heat production during this time [9] , causing them to be more vulnerable.
For all the strains combined, the total femaleto-male sex ratio of the 1,712 dead embryos was 1.53, 1.37, 1.09, and 1. (table 1) .
During the early stage, female mortality was significantly higher in Hl (P = 0.004, OR = 2.274), HBl (P = 0.010, OR = 1.516), and ZS chickens (P = 0.002, OR = 1.926), although it was not significant in the other 2 strains. Furthermore, more female HBl chickens died in the middle stage (P = 0.046, OR = 1.443). In the late stage of incubation, a different sex bias existed among different strains. the mortality of females was significantly lower than that of males for aJ chickens (P = 0.049, OR = 0.703), whereas it was significantly higher in HBl chickens (P < 0.001, OR = 1.362), and the sex ratios were very close to 1 in the other 3 strains.
In our previous study, more female than male embryos died at 1 to 7 d of incubation [7] . In the present study, there was a bias toward loss of female embryos during the early and middle stages of incubation, although it was not significant in any strain. a higher mortality rate of female embryos compared with male embryos under suboptimal circumstances has also been reported in other bird species [16] . It is possible that significant embryonic developmental differences between females and males lead to this bias in early death. another possible cause for this sex bias of early mortality is the presence of sex-linked lethal genes, which most frequently affect the heterogametic sex [9] . During the late stage of incubation, there was a bias toward loss of male embryos in aJ, XX, and Hl chickens, although this bias was significant only in aJ chickens. However, an opposite sex-biased loss existed in HBl and ZS chickens, although it was not significant in ZS chickens (table 1) . this difference between strains may have been caused by their different genetic backgrounds. However, it was interesting to find that the first 3 strains (aJ, XX, and Hl) had larger egg sizes (with average egg weights of 54.67 ± 4.07 g, 55.21 ± 3.48 g, and 63.25 ± 4.42 g, respectively), whereas the other 2 strains (HBl and ZS) had smaller egg sizes (with average egg weights of 48.21 ± 3.88 g and 45.39 ± 5.22 g, respectively). It is likely that more males died in the late stage of incubation for strains with a larger egg size, whereas more females died in the late stage for strains with a smaller egg size.
the sex ratio of dead embryos has a relationship with environmental temperature. to our knowledge, very few reports have focused on this area in chickens. However, it was reported previously that, in megapodes, more males hatched at low incubation temperatures and more females hatched at high temperatures, whereas the proportion was 1:1 at an average temperature, and the mortality was greater at lower and higher temperatures [17] . that is, male embryonic mortality was greater at high temperatures, whereas female embryo mortality was greater at low temperatures, with mortality in both sexes similar at intermediate incubation temperatures. this was confirmed in a later study [18] . Furthermore, chicken embryos with a larger egg size produce more heat than embry- 2 Chicken strains: aJ = ai-Jiao; XX = Xing-Xing; Hl = Hy-line; HBl = HuBei-local; ZS = Zhu-Si. 3 In the 22 dead samples collected from Hl chickens in the middle stage, DNa was not extracted to sex the samples. 4 Not including the 22 dead samples from Hl. *0.01 < P ≤ 0.05 (significant difference); **0 < P ≤ 0.01 (highly significant difference).
Downloaded from https://academic.oup.com/japr/article-abstract/21/3/508/724450 by guest on 03 January 2019 os with a smaller egg size [19] , especially in the late stage of incubation [20] . In this study, all eggs were hatched under the same temperature conditions, but different strains had different heat outputs because of different egg sizes. this may have led to higher temperatures for larger eggs than smaller ones, and the male mortality was thus higher than female mortality in strains with larger egg sizes. However, more studies are needed in the future to confirm this, such as comparing the sex-biased mortalities in different egg sizes and different incubation temperatures.
CONCLUSIONS AND APPLICATIONS
1. the embryonic mortality of females was greater than that of males in the early stage of incubation. 2. the sex ratio of dead embryos was variable between strains during the late stage of incubation. More female embryos died for strains with a smaller egg size, whereas fewer died for strains with a larger egg size. this may have been caused by different heat outputs of embryos because of different egg sizes in different strains, which thus resulted in different interenvironmental temperatures.
